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1. Introduction 
Natural channels, rivers, and streams have beds formed by earthen permeable materials and experience seepage flow 
through boundaries due to the difference between water levels in the channel and the adjoining ground-water levels. Seepage 
flow through a channel can be in the form of ‘suction’ or ‘injection’. If the free water surface in the channel is higher than 
the adjoining ground-water level, seepage flow occurs through a channel bed and is called ‘suction’. Whereas, if the free 
water surface in the channel is lower than the adjoining ground-water level, seepage flow occurs into the channel and is 
called ‘injection’. Seepage flow can significantly alter the hydrodynamic behaviour of the channel flow as well as its 
sediment transport characteristics. It has been noted that the hydrodynamic characteristics of a channel flow can be 
significantly altered by seepage flow [1]. Although in most cases the magnitude of seepage flow is much less in comparison 
to the main flow, in certain cases where the inflow seepage (injection) from the channel bed can be large enough to produce 
a ‘quick’ condition in the channel bed or the outflow seepage (suction) from the channel bed can be large enough to cause a 
loss of water of as high as 45% of the water supplied at the upstream of a channel [2]. In comparison with the number of 
studies on the turbulent flows over impervious smooth and rough boundaries, little is known about the interaction of the 
pervious bed and the turbulent flow.  
The permeable boundary enables mass and momentum transfer across the interface between the fluid and porous media. 
The interaction between turbulent flow and a permeable boundary may result in changes in the structural features of the 
flow, such as velocity profile, turbulent intensity and boundary shear stress, as compared with those in relation to an 
impermeable boundary. Mass and momentum transfer across the interface between the fluid and porous media should be 
accounted for in addition to those in relation to an impermeable boundary. The variable intensity of seepage flow may cause 
variation in flow properties. The flow that moves across the porous bed interacts in a complex manner with the flow above. 
Porous bed can work as a sink or source for harmful toxicants and fine sediments. 
[3] reviewed the effect of seepage on the channel boundary layer. [3] observed a reduction in the sublayer thickness due 
to suction. [3] pointed out that the suction effectively increases the hydrodynamic roughness. [3] also noted that in the 
presence of suction, there is a decrease in turbulence level, which eventually leads to lesser momentum exchange between 
fluid particles. This analysis contradicts recent observations that roughness increases turbulence levels in the flow [4-5].  In 
the presence of injection, [4-5] observed an increase in sublayer thickness and noted an increase in turbulence level, which 
eventually leads to a greater momentum exchange between fluid particles. [4-5] noted that turbulence fluctuations were 
more intense for injection than for suction or without seepage.  
[6] found that the injection increases turbulence along the interface and thought that the fluid shear and particle to particle 
momentum transfer between the main and seepage flow is responsible for this increase of turbulence. [7] also noted that 
along the seepage zone, the turbulent intensities increase significantly in the near-bed region due to injection. 
Seepage can alter the flow boundary conditions and eventually affect sediment transport and can change scour 
phenomenon. Excess scour can cause problem for structural stability of bridges or can undesirably expose the water intake. 
Whereas, excess sediment deposition can cause severe navigational problem and may need extensive dredging work to keep 
the flowing of goods through waterways uninterrupted.  
2. Experimental setup 
Experiments were carried out in a 9-m long rectangular open channel flume (cross-section 1100 mm x 920 mm). The 
nominal flow depth (d) in the measurement region was 100 mm, resulting in a width-to-depth ratio (b/d) of approximately 
11. This value of the aspect ratio is considered to be large enough to minimize the effect of secondary currents and the flow 
can be considered to be nominally two-dimensional [8]. The bottom slope of the flume was adjustable and for this study, it 
was kept horizontal and two constant discharges of 720 GPM (Gallon per minute) and 450 GPM (Gallon per minute) were 
used.  
The zone subjected to suction or injection is 2.4 m long, 200-mm deep and spans the entire width of flume. Several 
variations of the seepage module were considered with the objective of attaining uniform seepage velocity over the entire 
zone.  In the final design, fifteen identical perforated pipes were used to supply water into the flow field (injection) or drain 
out of the flow field (suction) uniformly. The perforation diameter of the pipe varied from ¾ inch to  inch. The maximum 
perforation diameter is at the center of the seepage module and reduced to minimum at the ends of the seepage module. 
Outside the seepage module, all these fifteen perforated pipes were connected to a common feeder pipe and regulated with a 
valve. Two separate identical pumps with control valves were used to maintain the flow rate for suction/injection, which was 
monitored using a flow meter. The sand was placed on top of a filter net, which in turns, overlays a perforated plate. The use 
of filter net prevents the bed particles from falling down. Water is allowed to seep through the perforated plate, filter net and 
sand layer to ensure uniform seepage flow within the granular materials. All the measurements were conducted along the 
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centreline of the channel to minimize secondary flow effects and the velocity measurements were conducted in the middle of 
the seepage module.   
A commercial two-component fibre-optic LDA system (Dantec Inc.) powered by a 300-mW Argon-Ion laser was used 
for the velocity measurements. The optical elements include a Bragg cell, a 500-mm focusing lens and the beam spacing was 
38 mm. 10,000 validated samples were acquired at each measurement location. The configuration of the present two-
component LDA system would not permit measurements very close to the wall, while one-component (streamwise velocity) 
measurements were made over the entire depth.  
3. Results and discussion 
The distribution of velocity triple products 3u and 3v , normalized by maximum mean velocity, which provide valuable 
information about turbulence flow structures, are shown in Figure 1. One can define 3u  and 3v as the streamwise and 
vertical turbulent transport of kinetic energy 2u and 2v  respectively. Due to physical obstruction of second component of 
the laser beam by the sand bed, only variation of 3u can be seen for the locations close to the bed (y < 0.15d). As one can 
note from Figure 1a that 3u is positive close to the bed for all flow conditions. Moving farther from bed, a rapid decrease in 
the value of 3u was observed, and 3u becomes negative at around y ~ 0.04d for no seepage condition and stays negative 
for the remainder of the depth.  [9] also observed 3u to be negative through most of the depth and indicated that the sweep 
event is significant only near the bed, whereas the ejection events are prevalent through most of the boundary layer. With the 
introduction of injection, the value of 3u becomes negative at locations farther away from the wall (y  0.1d ~ 0.2d) in 
comparison to the no seepage condition. The variation of 3u in the negative territory is very mild, reaching a local 
maximum negative value at around y ~ 0.3d for no seepage condition followed by y ~ 0.4d with injection. The value of 3u
increases beyond this and reaches a near-zero value at y ~ 0.85d for no seepage.  With injection, the magnitude of 3u  tends 
to remain non-zero even close to the free surface. In the region of negative 3u , one can note that for y < 0.4d, injection 
reduces the absolute value of 3u and increases the absolute value of 3u beyond this.  Injection also nominally increases 
the maximum positive value of 3u  at locations very close to the bed.  The variation of 3v is found to be positive 
throughout the depth for all flow conditions (Figure 1b). Similar observation of positive 3u near the bed and positive 3v
throughout the depth was also made by [5].  A change in the sign of 3u is an indication of change in turbulent events.  
Much higher positive value of 3u near the bed is a sign of strong sweep events and injection has a very nominal effect on 
the near-bed turbulent activity. Negative value of 3u and the positive value of 3v indicate a slower moving fluid parcel 
with an upward transport of u momentum representing an ejection type motion and can be seen throughout the depth with 
the exception of the near-bed location. The near-zero value of 3u at y < 0.2d is a cancellation effect of sweep and ejection 
type events. Farther from the wall, the strength of ejection events increase with increasing negative value of 3u and 
increasing positive value of 3v . Rapidly diminishing values of both 3u and 3v in the outer layer is an indication of 
reducing turbulent bursts and approach to a non-turbulent zone close to the free surface. The variation of 3u and 3v for 
higher flow rates are more or less similar to the lower flow rate except the increased magnitude of 3u and reduced 
magnitude of 3v with effect of injection is less than that noted for the lower flow rate. Another significant difference is 
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about non-zero value of 3u near free surface indicating weakening ejection events. The variation of normalized velocity 
triple products 3u and 3v for lower flow rate with the introduction of suction is shown in Figure 2. The overall variation 
of both triple products is very similar to injection. However, the location where 3u changes sign moves closer to the bed 
with the introduction of suction narrowing the zone of strong sweep events. 
Turbulence diffusion in the longitudinal direction Du ( uv 2 ) and in the vertical direction Dv ( vu 2 ), normalized by 
maximum mean velocity is shown in Figure 3.  As seen in Figure 3, the values of Du and Dv are always negative and 
positive, respectively, for the present range of measurements.  One can note from Figure 3a that as value of Dv increases 
farther from bed and attain its maximum value at around y ~ 0.4d indicates intense turbulent diffusion in upward direction. 
One can also note that Dv decays in the outer region (y > 0.4d) and become negligible near the free surface. Although there 
are no distinct effect of injection for the variation of Dv upto depth of y ~ 0.45d but injection reduces the decaying rate of Dv 
in the outer region in comparison to no seepage condition.  As shown in Figure 3b, Du tends to be more negative indicates 
streamwise deceleration with increasing distance from near bed region and attains minimum at around the same location (y ~ 
0.4d) of maximum Dv. Value of Du increases beyond this towards zero near the free surface. Increased value of Du observed 
in the outer region (y > 0.4d) in comparison to no seepage condition with the introduction of injection. The distribution of Dv 
and Du is found to be very similar for the higher flow rate (not shown here for brevity).  
Figure 4 shows the variation of Du and Dv with the introduction of suction for lower flow rate. The effect of suction is 
clearly opposite to that noticed by injection. The trend of the variation of Du and Dv for y < 0.2d seen in Figures 3 and 4 
could be an indication of change in sign in the region very close to the wall, not covered by the present range of 
measurement. The change of sign is a reflection of the change of dominance of sweep/ejection events. 
 
 
Fig. 1. Distribution of different velocity triple product, a) u3: Injection_450GPM, b) v3: Injection_450GPM.
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Fig. 2. Distribution of different velocity triple product, a) u3: Suction_450GPM, b) v3: Suction_450GPM. 
 
Fig. 3. Distribution of turbulence diffusion, a) Dv: Injection_450GPM, b) Du: Injection _450GPM. 
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Fig. 4. Distribution of turbulence diffusion, a) Dv: Suction_450GPM, b) Du: Suction_450GPM. 
4. Conclusion 
The present study was carried out to understand the effects of seepage on different turbulence characteristics, velocity 
triple products in open channel flow (OCF) for two different flow rates. The main findings are summarized as follows: 
 The effect of seepage on different turbulent characteristics is not restricted to the near-bed region but can be seen for 
most of the flow depth. 
 Effect of injection on different turbulent characteristics is more evident with the lower flow rate, however the effect of 
suction seems to be independent of the flow rates. 
 The effect of seepage on different turbulent characteristics is not restricted to the near-bed region but can be seen for 
most of the flow depth. 
 Seepage can alter the flow boundary conditions and eventually affect sediment transport and can change scour 
phenomenon. 
 The effect of suction on turbulence diffusion is clearly opposite to that noticed by injection. The change of turbulent 
events can potentially influence the sediment transport, resuspension of pollutant from bed, bed formation. 
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